The two main cooperative protocols in WLANs are the orthogonal and non-orthogonal ones. We consider this two different cooperative protocols with the amplify-andforward (AF) and decode-and-forward (DF) strategies. In each case, we study the information theoretic performance. Simulation results show that the non-orthogonal cooperative protocol achieves an optimal performance than the orthogonal one. Furthermore, using space-time coding in non-orthogonal protocols provides the additional coding diversity gains in the transmission.
INTRODUCTION
Wireless communication always suffers from multi-path fading and co-channel interference. Recently, cooperative diversity technique is generated by transmitting different versions of the signal via a relay set which create a virtual antenna array between the source and the destination. With the help of cooperation protocols, it can exploit the diversity as a multiple-in multiple-out (MIMO) system [2] . The three main strategies of cooperative communication are: amplify-andforward (AF), decode-and-forward (DF) and compress-and-forward (CF). In this paper, we focus on AF and DF strategies. Without loss of generality, a cooperation protocol composed of two time slots: During the first time slot, the source communicates with the relays and destination. In the second time slot, as shown in FIGURE 1, when only the relays communicate with the destination, the protocol is considered 3rd International Workshop on Verification and Evaluation of Computer and Communication Systems as orthogonal. On the contrary, as shown in FIGURE 2, the protocol is not orthogonal when both the source and the relays communicate with the destination.
Most prior works focused on AF strategy because of the simplicity. The relays only amplify and retransmit the signal received from the source (the signal received at the relay is distorted by fading and additive noise) and no demodulation or decoding is performed at relays in this case. The DF strategy offers good performance but have a higher complexity compared to the AF strategy in practice.
Laneman and Wornell first proposed AF strategy as a cooperative signaling scheme in [8] . They compute the bit error rate (BER) for uncoded AF strategy, and show that, despite the noise propagation from the partner, AF strategy performs significantly better than non-cooperative transmission. Laneman, Wornell and Tse [9] [10] extend this work by deriving the outage probability which is assumed if a user does not successfully detect the partners symbols for AF strategy and DF strategy in quasi-static Rayleigh fading channel. It is shown that a simple point-to-point source-relay-destination protocol achieves a first-order diversity, the same as noncooperative transmission, and performs worse than non-cooperative transmission for a wide range of conditions. This is due to the relay may often transmit erroneous estimates of the symbols from the source.
In our work we studied orthogonal and non-orthogonal protocols with AF and DF strategies and give the best protocol choice. The remainder of the paper is organized as follows. We present the system model in section 2. Section 3 gives the information theoretic performance analysis of the two cooperative protocols with both AF and DF strategies. The space-time coding design for non-orthogonal protocol is presented in section 4. We evaluate the performance of our solution using the simulations in Section 5. Conclusions on this study are given in the last section.
SYSTEM MODEL
We consider in this work a wireless network like FIGURE 3 consists of one source (s), one destination (d) and one relay (r). All the terminals are equipped with single antenna transmitters and receivers. Throughout this paper we assume that our research work lays on half duplex communication model, where relay will not receive and transmit same time and same frequency band. The channel between terminals are mutually independent and subject to quasi-static flat Rayleigh fading. Channel conditions between the terminals are known to the destination terminal. 
Non-Orthogonal protocol with AF strategy (NAF)
The signals received by the destination and relay in the first time slot can be defined as
and The energy of received signal is given by
In order to retransmit the signal with the same power as the sender did, the normalization gain β for the amplification is
Then, the destination receives a superposition of relay and source during the second time slot:
where v 2 rd is the average signal energy received at the destination through channel r → d, the definition of h rd and n rd are the similar to h sr and n sr .
So the equation (5) can be rewritten as:
As the summary, the transmission function is
where H NAF is the channel coefficient matrix given by
and
is the noise vector.
Assuming that the channel coefficient matrix H NAF is known or can be estimated, Maximum Likelihood (ML) decoding can be used at receiver to fully explore the diversity advantage of the scheme. The ML estimate of the transmitted packets is presented as follows:
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where F represents the Frobenius-2 norm, H represents the estimated channel coefficient matrix and x takes all possible finite values depending on the signal constellation.
Non-Orthogonal protocol with DF strategy (NDF)
In DF strategy, the signal received at the destination and relay during the first time slot is identical to that for the AF strategy. However, the relay now should demodulate and decode the signal received during the first time slot. Assuming that the signal is decoded correctly and retransmitted, and we obtain
the transmission function of the DF strategy is
where
and n NDF = n sd n rd (14)
Orthogonal protocols with the AF and DF strategies (OAF and ODF)
In the orthogonal protocol with the AF strategy, the received signal can be written as
where n OAF is the 2 × 1 vector which is scalar CN (0, N 0 ) additive noise.
Similarly, the signal received at the destination terminal under the orthogonal protocol with DF strategy is
INFORMATION THEORETIC PERFORMANCE ANALYSIS
The mutual information of the AF and DF strategies are 
respectively, where the superscripts H stand for conjugate transposition; I 2 represents 2 × 2 identity matrix; and H AF and H DF mean the channel matrix of AF and DF strategies. and x. Using the chain rule for mutual information, we have
where I(y 
Since I(y NAF 2 ; x 1 ) ≥ 0, we have I N AF ≥ I OAF . This shows that the achievable rate of NAF is higher than that of OAF.
Similarly, the mutual information for the NDF and ODF satisfies:
This shows that the achievable rate for non-orthogonal protocol is higher than that for orthogonal ones, since non-orthogonal protocol can realize a multiplexing gain.
We consider the outage probability [1] [3] at transmission rate R for the orthogonal and nonorthogonal protocols base on the mutual information. The definition or outage probability concerning the mutual information I and transmission rate R is
And the diversity order (D) for transmission rate (R) can be defined as
In case of NAF, we obtain . And then, we can give the upper-bound of the outage probability according to
For φ N AF sufficiently large, we have
referring to the definition of D, it can achieve the second-order diversity in in effective SNR φ N AF .
Similarly, we have
and by inspection we finally obtain the order of effective SNRs
We can see that both orthogonal and non-orthogonal protocols can achieve second-order diversity in their effective SNRs, and the result of (29) is owing to the array gain realized by the virtual multiple-antennas in non-orthogonal protocols.
SPACE-TIME CODING IN NON-ORTHOGONAL PROTOCOL
Space-time coding is a method employed to improve the reliability of data transmission in wireless systems by using multiple transmit antennas. It relies on redundant copies of a signal to the receiver in the hope that at least some of them may survive the physical path between transmission and reception. Space-time codes may be split into two main types: space-time trellis coding (STTC) [5] and space-time block coding (STBC) [6] . We are only concerned here with STBC which acts on a block of data at once (similarly to block coding) and provide only diversity gain, but are much less complex in implementation terms than STTC.
Alamouti coding [4] is typical example of STBC, which proposed a simple 2 × 1 MIMO scheme that achieves a full diversity gain [6] with a simple maximum likelihood (ML) decoding algorithm. The transmit symbols are modulated using an M-ary modulation scheme, then the encoder takes a block of two modulated symbols s 1 and s 2 in each encoding operation and sends it to the transmit antennas according to the code matrix,
3rd International Workshop on Verification and Evaluation of Computer and Communication Systems where * denotes complex conjugate. In this code matrix, the first column represents the first timeslot (transmission period) in MIMO system [11] and the second column represents the second time-slot. The first row corresponds to the symbols transmitted from the first antenna and the second row corresponds to the symbols transmitted from the second one. This implies that the symbols are transmitting both in space (across two antennas) and time (two transmission intervals), that is to say, space-time coding. The traditional Alamouti coding is designed for a two transmit antennas system. Consider the cooperation method using the single-relay AF channel as FIGURE 3, we define d 1 = (x 1 , x 2 ) and d 2 = (x 3 , x 4 ). Thus, in the first time-slot, the source sends d 1 to relay and destination; and in the second time-slot, the source sends d 2 and relay sends symbols received at first time-slot d ′ 1 to destination, respectively. Then the Alamouti coding cooperative transmission function can be written as,
where y i (i ∈ {1, 2, 3, 4}) is the symbol received at destination d; w i (i ∈ {1, 2}) is square root of the average signal energy received at destination during the two time slots; v 2 is square root of the average signal energy received at relay; h sd , h rd and h sr are the random, complex valued and unit-power channel gains between
, 2}) and z rdi ∼ CN (0, N rdi ) (i ∈ {1, 2}) are the additive noises.
NUMERICAL RESULTS
In this section, some simulation results were shown to illustrate the performance of the presented approach. The wireless channel was simulated according to the sum-of sinusoids simulation model for Rayleigh fading channels of [7] , according to which, each channel multi-path is a zero mean complex Gaussian random variable. We consider the single-relay cooperation model, and assume there is the same distance between all the terminals. We performed an experiment consisting of 100, 000 independent frames. The length of frame was fixed to N = 600 bits. Each frame contained BPSK symbols. ML decoding was used at the receiver to fully explore the diversity advantage of the scheme. BPSK, 1 Frame = 600 Bits Non-cooperation NAF NAF using alamouti cooperation FIGURE 6: Non-cooperative, NAF and NAF using alamouti coding cooperative protocols transmission by BPSK protocol outperforms both non-cooperative and OAF ones. Similarly, NDF has achieves a better performance than non-cooperative and ODF cooperation. The non-cooperation protocol transmit redundant symbols with the help of relay, so as to reduce the error ratio during the transmission.
In Alamouti coding cooperation, conjugate symbol was used to build up the quality of transmission. The simulation in FIGURE 6 is easy to show that with the space-time coding gains, it can achieve a better performance.
CONCLUSION
The focus of this paper is the performance of orthogonal and non-orthogonal cooperative protocols. Such a system is analyzed through a theoretical study and simulations to see the performance in a simple fading relay channel with AF and DF strategies. we analyzed the diversity performance of the different protocols through an outage probability analysis for each of the protocols. We show in this work that the non-orthogonal strategy offers optimal performance in the cooperative transmission. Furthermore, we introduce space-time coding in non-orthogonal cooperative protocols which provides the additional coding diversity gains of the transmission. 
